To investigate the effect of bile replacement following percutaneous transhepatic biliary drainage, ie, external drainage, on intestinal permeability, integrity, and microflora in a clinical setting. Summary Background Data: Several authors have reported that internal biliary drainage is superior to external drainage. However, it is unclear whether bile replacement following external drainage is beneficial. Methods: Twenty-five patients with biliary cancer underwent percutaneous transhepatic biliary drainage (PTBD) as a part of presurgical management. All externally drained bile was replaced either per os or by administration through a nasoduodenal tube. The interval between PTBD and the beginning of bile replacement was 21.3 Ϯ 19.7 days, and the length of bile replacement was 20.7 Ϯ 9.6 days. The lactulose-mannitol test, measurement of serum diamine oxidase (DAO) activity, and analyses of fecal microflora and organic acids were performed before and after bile replacement. Results: The volume of externally drained bile varied widely from patient to patient, ranging from 220 Ϯ 106 mL/d to 1616 Ϯ 394 mL/d (mean, 714 Ϯ 346 mL/d). Biliary concentrations of bile acids, cholesterol, and phospholipids increased significantly after bile replacement. The lactulose-mannitol (L/M) ratio decreased from 0.063 Ϯ 0.060 before bile replacement to 0.038 Ϯ 0.032 after bile replacement (P Ͻ 0.05). Serum DAO activity increased from 3.9 Ϯ 1.4 U/L before bile replacement to 5.1 Ϯ 1.6 U/L after bile replacement (P Ͻ 0.005), and the magnitude of change in serum DAO activity correlated with the length of bile replacement (r ϭ 0.483, P Ͻ 0.05). Neither the L/M ratios nor serum DAO activities before bile replacement correlated with the interval between PTBD and the beginning of bile replacement. Fecal microflora and organic acids were unchanged. Conclusion: Impaired intestinal barrier function does not recover by PTBD without bile replacement. Bile replacement during external biliary drainage can restore the intestinal barrier function in patients with biliary obstruction, primarily due to repair of physical damage to the intestinal mucosa. Our results support the hypothesis that bile replacement during external drainage is beneficial.
D espite improvements in surgical techniques and refinements in pre-and postoperative care, hepatectomy in patients with obstructive jaundice is still associated with high morbidity and mortality rates, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and septic complications after hepatectomy remain a major problem. [12] [13] [14] [15] [16] Recently, we demonstrated that obstructive jaundice is an independent risk factor for bacteremia after hepatectomy, 16 and there is a growing body of evidence that obstructive jaundice is associated with an increased incidence of translocation of enteric bacteria and/or bacterial products, presumably resulting in cytokine production, an enhanced systemic inflammatory response, and bacteremia. [17] [18] [19] [20] [21] [22] Drainage of the biliary tree is a pivotal element in the treatment of patients with biliary obstruction. However, it is unlikely that external drainage alone can reestablish the defense system against bacterial translocation that has been disrupted by biliary obstruction. The absence of intestinal bile, rather than increased plasma levels of bilirubin or bile salts, appears to play an important role in the development of septic complications related to biliary obstruction. 18 Several experimental studies in rats have demonstrated that internal drainage is superior to external drainage as preoperative management, [23] [24] [25] [26] [27] [28] probably because internal drainage prevents the loss of bile from the gastrointestinal tract and preserves enterohepatic biliary circulation. Recent clinical studies also have shown that the enhanced intestinal permeability in obstructive jaundice normalizes with internal drainage. 21, 22 Internal biliary drainage, however, is not always feasible, especially in patients with malignant hilar obstruction in which the biliary tree is often separated into multiple units. In such complicated cases, we have used percutaneous transhepatic biliary drainage (PTBD), ie, external drainage preoperatively. 29, 30 In these situations, replacement of externally drained bile is a rational and alternative to internal drainage. Although a few experimental studies have examined the effect of bile acid replacement, 31, 32 it remains unclear whether bile replacement inhibits endotoxemia or the inflammatory response, as it does when drainage is internal. The aim of the present prospective clinical study is to investigate the effect of bile replacement following PTBD on intestinal permeability, integrity, and microflora.
MATERIALS AND METHODS

Patients
Twenty-five patients with obstructive jaundice who were candidates for hepatectomy were admitted to the First Department of Surgery, Nagoya University Hospital between December 2000 and January 2002. These included 14 men and 11 women, with a mean age of 63.3 Ϯ 10.1 year (range, 39 -78 years). Twenty had hilar cholangiocarcinoma, and 5 had gallbladder cancer invading the hepatic hilus. Written informed consent for participation was obtained from each patient before enrollment in the study, which was approved by the Human Research Review Committee of the Nagoya University Hospital.
Of the 25 patients, 20 had undergone PTBD at an outside hospital and were transferred to our hospital; the remaining 5 underwent PTBD after admission to our facility. A total of 37 PTBD catheters were placed in the 25 patients, with an average number of 1.5 catheters/patient (range, 1-3). Five catheters in 4 patients were placed through the tumor into the distal common bile duct, while the remaining 32 catheters in 21 patients were placed proximal to the tumor. No patients had internal biliary drainage. Bile replacement was started 1 or 2 days after admission in the former 20 patients and 2 or 3 days after PTBD in the latter 5 patients and was continued until 1 day before elective hepatectomy in all subjects. All of the externally drained bile from PTBD catheter was replaced per os in 17 patients. The remaining 8 patients refused oral intake, so the bile was replaced by ingestion through a nasoduodenal tube. The interval between PTBD and the beginning of bile replacement was 21.3 Ϯ 19.7 days (range, 2-67 days), and the length of bile replacement was 20.7 Ϯ 9.6 days (range, 8 -47 days). The total serum bilirubin concentration was 11.6 Ϯ 6.4 mg/dL at the time of PTBD, 4.2 Ϯ 4.9 mg/dL at the beginning of bile replacement, and 1.0 Ϯ 0.6 mg/dL 1 day before surgery.
The lactulose-mannitol test was performed 1 day before beginning bile replacement and 1 day before hepatectomy. Blood and feces were sampled at the same time to measure serum diamine oxidase (DAO) activity and for bacteriologic examination, respectively.
Lactulose-Mannitol Test
Intestinal permeability was assessed by the lactulosemannitol test. The test solution consisted of 10 g of lactulose (Sigma-Aldrich, Tokyo, Japan) and 5 g of mannitol (Sigma-Aldrich), which were mixed in 60 mL of physiologic saline. After an overnight fast, the subjects emptied their urinary bladders, and then the test solution was administered orally. In the next 6 hours, the subjects were at rest and were allowed no food or water. All urine was collected for 6 hours. A 10 mL sample was taken from the pooled urine and frozen at Ϫ20°C until analysis. Urinary lactulose and mannitol concentrations were measured by gas-liquid chromatography. 33 Finally, the urinary L/M ratio was calculated. According to the previous study, 39 less than 0.035 was normal range of L/M ratio.
Serum Diamine Oxidase Activity
Blood samples were centrifuged at 1000 ϫ g for 10 minutes at 4°C, and the sera were kept at Ϫ80°C until measurement. The serum DAO activity was determined using Takagi's method, 34 which is a simple and sensitive colorimetric assay based on a coupled reaction with peroxidase and a new chromogen, 10-(carboxymethyl-aminocarbonyl)-3, 7-bis (dimethylamino) phenothiazine sodium salt (DA-67; Wako Pure Chemical Industries Ltd., Osaka, Japan). Briefly, 1.5 mL of Cadaverine solution [525.3 mg of Cadaverine hydrochloride dissolved in 100 mL of piperadine-N, NЈ-bis (2-ethanesulfonic acid) buffer (25 mmol/L, pH 7.2, containing 0.5% Triton X-100)] and 0.1 mL of the serum sample were incubated at 37°C for 30 minutes. Then 1.5 mL of DA-67 (40.8 mg/mL), ascorbate oxidase (cucumber, 5 units/ mL), peroxidase (Type X: Horseradish, 6 purpurogallin units/ ml) were added and incubated for 60 minutes further. The colorimetric absorption was measured by spectrophotometry (UVIDEC-40; Japan Spectroscopic Co. Ltd., Tokyo, Japan) at a wavelength of 668 nm. Normal range of serum DAO activity determined by this new method was unknown, but Takagi et al reported that the activity averaged 4.9 U/L in healthy subjects. 34
Fecal Bacteriologic Examination
Feces were collected in a test tube, which was maintained under anaerobic conditions with CO 2 saturation. The test tube was cooled in an icebox before culture. VL-G roll tube agar 35 supplemented with 0.2% cellobiose and 0.2% maltose (modified VL-G roll tube agar) was used to deter- 
Determination of Fecal Organic Acids Concentrations
Feces were homogenized in 1 mL of distilled water. The homogenate was placed in an Eppendorf tube and centrifuged at 10,000 rpm at 4°C for 10 minutes. A mixture of 0.9 mL of the resulting supernatant and 0.1 mL of 1.5 M perchloric acid was mixed well in a glass tube and allowed to stand at 4°C for 12 hours. The suspension was then passed through a filter with a pore size of 0.45m (Millipore Japan Ltd., Tokyo). The sample was analyzed for organic acids by HPLC as previously described. 38 The HPLC was performed with a Waters system (Waters 432 Conductivity Detector; Waters Co., Milford, MA) equipped with 2 columns (Shodex Rspack KC-811; Showa Denko Co. Ltd., Tokyo). The concentrations of organic acids were calculated using external standards.
Statistics
Results are expressed as the mean Ϯ standard deviation. Statistical analysis was performed using paired and unpaired Student's t tests, where appropriate. Simple linear regression analysis by the least-squares method was also used. P Ͻ 0.05 was considered statistically significant.
RESULTS
Volume and Contents of Bile During Bile Replacement
The volume of bile replaced, in other words, the volume of externally drained bile, was monitored daily. The volume varied widely from patient to patient, ranging from 220 Ϯ 106 mL/d to 1616 Ϯ 394 mL/d, with a mean of 714 Ϯ 346 mL/d. However, the volume was consistent in each individual throughout the study period. In 3 (12.0%) patients, the average volume was over 1000 mL/d. The biliary concentrations of bile acids and phospholipids increased with bile replacement (Fig. 1 ).
Changes in Lactulose-Mannitol Ratio
The L/M ratio decreased from 0.063 Ϯ 0.060 before bile replacement to 0.038 Ϯ 0.032 after bile replacement (P Ͻ 0.05), and was within the normal range (Ͻ0.035) in 17 (68.0%) of the 25 patients (Fig. 2) . The L/M ratio before bile replacement showed no correlation with the interval between the onset of jaundice and the beginning of bile replacement, the interval between PTBD and the beginning of bile replacement, or the total serum bilirubin concentration at the beginning of bile replacement. 
Changes in Serum Diamine Oxidase Activity
Serum DAO activity increased from 3.9 Ϯ 1.4 U/L before bile replacement to 5.1 Ϯ 1.6 U/L after bile replacement (P Ͻ 0.005) ( Fig. 3) . Serum DAO activity before bile replacement was not associated with the interval between the onset of jaundice and the beginning of bile replacement, the interval between PTBD and the beginning of bile replacement, or the total serum bilirubin concentration at the beginning of bile replacement. The magnitude of change in serum DAO activity (serum DAO activity after bile replacementserum DAO activity before bile replacement) had significant correlation with the length of bile replacement (r ϭ 0.483, P Ͻ 0.05) ( Fig. 4) .
Analyses According to the Interval Between PTBD and the Beginning of Bile Replacement
The subjects were divided into 2 groups according to the interval between PTBD and the beginning of bile replacement: group A (n ϭ 8) had the interval of 30 days or more and group B (n ϭ 17) had the interval of less than 30 days ( Table 1 ). The total serum bilirubin concentration at the beginning of bile replacement was significantly lower in group A than in group B (1.6 Ϯ 1.1 mg/dL versus 5.4 Ϯ 5.1, P Ͻ 0.05). However, the L/M ratios were similar between the 2 groups both before bile replacement and after bile replacement. Similarly, serum DAO activities were not significantly different between the 2 groups both before bile replacement and after bile replacement.
Changes in Fecal Microflora and Organic Acids Concentrations
Fecal microflora and organic acids concentrations were examined in only 21 patients because in the remaining 4 patients, fecal samples were not obtained both before and after bile replacement. Fecal microflora was unaffected by bile replacement (Table 2) , and fecal organic acids concentrations were similar before and after bile replacement (Table 3) . 
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DISCUSSION
Several experimental studies have demonstrated the superiority of internal over external biliary drainage, [23] [24] [25] [26] [27] [28] as well as the importance of bile acid replacement with external drainage. 31, 32 The present study is the first to show that bile replacement following PTBD, ie, external drainage, can restore the intestinal barrier function, in terms of permeability and integrity, in a clinical setting.
The lactulose-mannitol test generally is used as a way to evaluate intestinal permeability, and is based on the different absorption routes of 2 sugars. 21, 22, 39 Lactulose and Note that group A patients had the interval between PTBD and the beginning of bile replacement of 30 days or more, and group B patients had the interval of less than 30 days. There were no significant intergroup differences. The results are expressed as the mean Ϯ SD (mol/g of feces). Parenthesis indicates "number of patients in whom organic acid was detected/ number of patients tested." 
Kamiya et al
Annals of Surgery • Volume 239, Number 4, April 2004 mannitol are nonmetabolized low-molecular-weight sugars. Lactulose absorption occurs through a paracellular pathway across disrupted tight junctions; therefore, lactulose normally is absorbed poorly. Mannitol, on the other hand, is absorbed through aqueous pores in the cell membrane (transcellular pathway), and normally, 10% to 20% of an enteral load is absorbed. The present study showed that the mean L/M ratio decreased with bile replacement, strongly suggesting that the intestinal barrier function was reconstructed. Our findings are unlikely to be related to altered metabolism or excretion of the sugars in biliary obstruction, as absorption is not influenced by hepatic or renal dysfunction. 40, 41 Parks, et al 21 
and
Welsh, et al 22 reported a decrease in the L/M ratio after internal biliary drainage in patients with biliary obstruction, which is consistent with our results. DAO (EC 1.4.3.6), an intracellular enzyme catalyzing the oxidation of diamines such as histamine, putrescine, and cadaverine, exists in high concentrations in the intestinal mucosa. Most DAO activity in the blood comes from the intestine. The serum DAO activity is reportedly proportional to the amount of intestinal DAO; therefore, it is a reliable marker of intestinal mucosal integrity. 42, 43 The method for serum DAO analysis used previously 43 required systemic heparinization, while that used in the present study does not. Clinically, endoscopic observation with biopsy is not practical to evaluate morphologic changes in the intestinal mucosa. Measuring serum DAO activity by this new method 34 is an easy, sensitive, and practical way to evaluate the mucosa. In the present study, serum DAO activity increased with bile replacement. In addition, the magnitude of change in the activity correlated with the length of bile replacement. These findings indicate that the presence of bile in the intestine is essential for the intestinal integrity.
It has been reported that biliary obstruction promotes bacterial translocation from the gastrointestinal tract into the blood stream. Biliary obstruction is associated with both hyperbilirubinemia and disruption of the enterohepatic circulation. The relative importance of these 2 factors in promoting bacterial translocation remains unclear. Diamond, et al 44 studied rats whose common bile duct had been ligated or that had choledochovesical fistula created, and found that the incidence of systemic endotoxemia increased after bile duct ligation, but not after choledochovesical fistula formation. These investigators concluded that biliary stasis is a more important factor than gastrointestinal bile flow in the development of endotoxemia. On the other hand, Slocum, et al, 18 using the same procedures, found that the incidence of bacterial translocation was similar in the 2 groups, even though rats with choledochovesical fistula were not jaundiced. They stressed that the absence of bile within the intestine is pivotal in the development of bacterial translocation. In the present study, neither the L/M ratios nor serum DAO activities before bile replacement correlated with the interval between PTBD and the beginning of bile replacement. These findings strongly suggest that impaired intestinal barrier function does not recover by PTBD without bile replacement, supporting the results of Slocum, et al.
An important finding of this study is that bile replacement led to quantitative changes in the major components of bile, which is difficult to document with internal drainage. Biliary phospholipids have been reported to help maintain the gut mucosal barrier. 45 Another experimental study showed that pretreatment with phospholipids prevented bacterial translocation following acute liver failure. 46 We found that the concentration of biliary phospholipids increased with bile replacement, and was associated with a decrease in mucosal permeability, suggesting that the increased phospholipids in the bile contribute to restoration of gut barrier function in patients with obstructive jaundice.
There were no changes in fecal microflora with bile replacement. Furthermore, the composition and amount of fecal organic acids, which are derived from fermentation by indigenous bacteria in the proximal colon, were not affected by bile replacement. Several studies using rodent models of biliary obstruction or diversion [17] [18] [19] [20] 47 found caecal bacterial overgrowth, probably facilitating bacterial translocation. Absence of intestinal bile may be responsible for the disturbance of indigenous microflora, as bile salts inhibit the growth of intestinal bacteria both in vitro and in vivo. 48, 49 A definitive answer is not readily available for why these different results were observed in human and animal (or in vitro) studies. Bile salts are absorbed predominantly in the terminal ileum and have little effect on the colonic bacteria. Thus, the possibility exists that changes in the species of enteric bacteria would have been detected if the content of the small intestine had been analyzed.
Obstructive jaundice due to hilar malignancies is different from that caused by distal bile duct obstruction. In the latter condition, a single catheterization is enough to drain the entire biliary system, while the former frequently necessitates multiple catheterizations. Endoscopic retrograde biliary drainage (ERBD) is a preferable method as it offers internal drainage with a high success rate. However, ERBD is associated with a high incidence of cholangitis in malignant hilar obstruction, due to catheter blockage and/or inability to cannulate each isolated intrahepatic segmental bile duct. We previously showed that segmental cholangitis largely affected the outcome of major hepatectomy for hilar malignancies. 50 Reportedly, in patients with malignant hilar obstruction who underwent ERBD, the incidence of cholangitis was 8% to 27% and the 30-day mortality was considerably high, 12% to 43%. [51] [52] [53] [54] Therefore, Ducreux et al 51 stressed that endoscopic drainage must be avoided in malignant hilar obstruction. Moreover, ERBD has a limited diagnostic value, since, once the stent is placed, it is impossible to obtain high-quality cholangiogram, leading to inaccurate diagnosis of cancer Annals of Surgery • Volume 239, Number 4, April 2004 Bile Replacement During External Drainage extent along the isolated intrahepatic segmental bile duct. In contrast, PTBD makes multiple catheterizations possible and allows us to take repeat cholangiogram. 29, 30, 55, 56 For these reasons, we prefer PTBD to ERBD as a diagnostic and therapeutic method for hilar malignancies, 57 despite the disadvantage of PTBD. Bile replacement following PTBD is a practical method that can compensate the disadvantage.
In conclusion, bile replacement during external biliary drainage helps restore intestinal barrier function in patients with biliary obstruction, similar to what has been documented in studies of internal drainage. This effect is due primarily to repair of physical damage to the intestinal mucosa. Further studies are required to assess whether bile replacement can prevent gut-derived bacterial translocation and, in turn, reduce the incidence of postoperative septic complications. We recommend preoperative bile replacement in patients scheduled to undergo hepatectomy for biliary cancer, as this type of hepatectomy is still at a high-risk procedure.
